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Abstract This paper presents the results of studies of wall
effects in commercial soap-based greases LT4-S2 and
HUTPLEX EP-2, thickened with, respectively, lithium
12-hydroxystearate and overbased calcium sulfonate. The
studies were conducted in the presence of five different
materials: copper alloy C11000, bronze B476, EPDM
rubber and PTFE and PU thermoplastics. The influence of
the energy state of the surface layer of the adsorbents and
temperature (ranging from -20 to 60 C) on the intensity
of wall effects was investigated. Changes in the structural
viscosity and shear stress in the boundary layer area in the
greases and the soap-based thickener’s ability to adsorb on
the surfaces of the adsorbents were determined by evalu-
ating the rheological parameter plateau modulus.
Keywords Grease  Wall effect  Wall slip  Boundary
layer  Superficial layer  Surface free energy  Diffusion 
Plateau modulus
1 Introduction
Grease is a polydisperse system in which one phase is
dispersed in another (a dispersion medium). The system is
chemically and physically heterogenous and has complex
rheological properties. The properties depend on the
microstructure of the grease, the external factors, the flow
intensity as well as on the parameters of the structural
elements with which the grease is in close contact (e.g., the
geometric structure of the surface). The research results
reported by many researchers show that greases form a
boundary layer which is from ten nanometers to ten
micrometers thick. An extensive survey of the literature on
the subject can be found in, for example, [1–6]. The
boundary layer is the result of the grouping of the grease’s
ensembles of thickener particles on the surface of the
material being lubricated. The intensity of this phe-
nomenon is highest in the case of soap-based greases [7, 8].
The process is catalyzed by anisotropically shaped
(lengthwise and crosswise) particles with active sites on
their ends. Physicochemical interactions are mainly
responsible for the grouping of the particles on the surface.
As a result of the diffusion of thickener particles onto the
material surface, an area depleted of thickener, with dis-
tinctly lower structural viscosity, forms close to this sur-
face. The rheological properties of the area are similar to
those of the Newtonian fluid [9]. Some of the ensembles of
particles are ‘‘pulled out’’ of the bulk of the grease. The
structure of the thickener in this area is less dense and less
cross-linked (Fig. 1).
The formation of a boundary layer in greases is of great
significance for engineering practice. There are several
works proving that the boundary layer affects the pumpa-
bility of greases in axially symmetric conduits and clear-
ances [11, 12]. It has been proved that the flow resistances
of greases in lubrication pipes made of metals are smaller
than that in polymeric pipes [12]. The explanation of this
phenomenon can contribute to the optimization of lubri-
cation systems with regard to their reliability and the
minimization of energy consumption by the grease
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pumping unit. There are also works proving that wall
effects can occur in greases filling the clearances of
clearance seals used as, among other things, structural
members of mining belt conveyor rollers. In this case, one
of the functions of the greases is to protect the roller
bearing chamber against contamination and moisture pen-
etration from the outer environment. The problem affecting
rollers in the course of their long service is the breakdown
of the grease and its escape from the seal clearance due to
centrifugal forces and wall effects. In [13, 14], it was found
that the possible cause of the problem is energetic bonds
forming between the thickener and the seal surface, facil-
itating the outflow of the base oil. Consequently, the life of
the rollers is shortened as a result of, among other things,
their easier contamination in the dust-laden environment.
Using microparticle image velocimetry (lPIV), wall
effects were observed also during the shearing of grease in
the clearances of axial and radial labyrinth seals [15, 16].
There are also research works indicating that wall effects in
greases affect the effectiveness of the lubrication of slide
bearings. For example, in [17] it was shown that the
adsorption of thickener particles on the walls of slide
bearing inlet channels, resulting in the formation of a
permanent superficial layer there, can hinder the flow of
grease into the bearing interspace. Similar conclusions
concerning the influence of wall effects on the lubrication
of slide bearings can be found in [18], where the resistances
of flow of greases in a swinging bearing were investigated.
The obliteration of the lubrication channel and the inten-
sive adsorption of thickener on the surfaces of the journal
and the bush, situated in the immediate vicinity of the
channel, were clearly visible, especially for higher grease
flow rates and longer bearing service. This made the pre-
cision supply of the lubricant to the bearing interspace
impossible. Ultimately, wall effects affect the quality of
lubrication of tribological pairs and the formation of a
lubricating film separating the friction surfaces. The rate at
which the lubricating film forms depends on, among other
things, the viscosity of the oil base and the structure of the
thickener [19]. In [20], it was shown that from among the
many rheological parameters, such as the yield value, the
apparent viscosity, the critical strain and the moduli of
viscoelasticity, storage modulus G0 was the principal
indicator of the tribological properties of greases. The low
storage modulus would increase the grease’s ability to form
a superficial layer in the friction pair. The findings of the
rheological investigations were confirmed using another
measuring method—optical interferometry. The increase in
the thickness of the superficial layer forming on the races
of rolling bearings in the elastohydrodynamic (EHD)
lubrication regime can intensify oil bleeding from the
thickener network and the escape of the oil to the outside of
the friction pair [21]. Also the slip of grease close to the
structural elements of rolling bearings, i.e., rolling ele-
ments, rings, cages and seals, seems to be an interesting
problem. The lubrication of rolling bearings is a very
chaotic process and depends on the initial conditions. Wall
effects may contribute to the formation of grease reser-
voirs, mentioned in [22]. Considering that they push
greases out of the bearing interspace, grease reservoirs
created during the churning phase determine the lubrication
quality and the grease life in the later stages of bearing
service. Many researchers have noted the influence of wall
effects also on the lubrication of friction pairs with lubri-
cating oils in the elastohydrodynamic (EHD) lubrication
regime [23, 24]. In such cases, the wall effects’ mechanism
is limited to the repulsion or attraction of lubricating oil
particles from/to the surface being lubricated. It has been
proved that wall effects can lead to a reduction in friction
[25]. Surface free energy has an influence on the interac-
tion between oil and the surface being lubricated. When the
surface free energy is low, it initiates lubricating oil slip
near the walls of the structural elements of friction pairs
[25, 26].
Considering that the occurrence of wall effects in
greases is an important problem from the point of view of
the tribology, building and operation of machines, the
authors of the present paper decided to investigate this
problem. The influence of temperature and the energy state
of the surface layer of selected metallic and polymer
materials (further referred to as adsorbents) on the rheo-
logical properties of the boundary layer in commercial
soap-based greases were assessed. The selected materials







Fig. 1 Formation of superficial layer and boundary layer in grease
flowing in vicinity of wall made of material which: a is able to adsorb
thickener particles, b is not able to adsorb thickener particles, 1
material wall, 2 superficial layer (grease thickener particles adsorbed
on surface of material wall), 3 boundary layer (region with reduced
thickener concentration and lower structural viscosity), 4 bulk of
grease [10]
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lubrication system components, as well as slide systems,
including seals.
2 Materials
In total, five adsorbent samples, made of, respectively,
EPDM (ethylene propylene diene monomer) rubber with a
hardness of 70 Sh A, copper alloy C11000, bronze B476,
PTFE (polytetrafluoroethylene) and PU (polyurethane),
were subjected to tests. The metallic alloy samples and the
thermoplastic samples had been made by lathing and then
finishing in order to obtain very similar roughness of their
surfaces as well as to remove the spiral grooves left after
lathing. The rubber sample had been cut out of a sheet by
means of a blanking die. The surface of this sample had not
been subjected to mechanical working. Table 1 shows the
results of examining the geometric structure of the surface
of the samples by means of a contact profilometer. The
arithmetic mean deviation of the roughness profile did not
exceed 1.77 lm. Surface roughness was measured over an
interval of 4 mm using a handheld profilometer.
Wall effects occurring in the vicinity of the above
adsorbents were studied for two soap-based greases with
complex thickeners, popular in Poland, i.e., lithium grease
GREASEN LT4-S2 and calcium grease HUTPLEX EP-2
(Orlen Oil, Cracow, Poland). The characteristics of the
tested greases are presented in Table 2. The particular
greases were selected since they were characterized by
similar worked penetration values. The two greases are
commonly used in the mining industry (in both surface and
underground mines).
Grease LT4-S2 is used mainly to lubricate rolling
bearings, machine flexible connectors and guides and
equipment components. The grease contains anti-corrosion,
anti-oxidation and lubricating ability-enhancing additives.
According to the manufacturer’s data, grease HUTPLEX
EP-2 is characterized by excellent adhesion to the surfaces
being lubricated. It is used mainly to lubricate machines in
the mining, metallurgical, heavy and maritime industries. It
is particularly suitable for lubricating heavily loaded pairs




The boundary layer of the greases was investigated using a
Physica Anton-Paar MCR 101 rotational rheometer with a
torque range of 0.1 lNm–150 mNm. The rheometer
operated in the plate/plate configuration with a constant
measuring gap height of 1 mm. The measuring gap setting
accuracy was ±0.001 mm. The rheometer comprised a
P-PTD200 Peltier heating/cooling unit and an H-PTD200
insulating flange with air circulation inside the measuring
head. A steel measuring spindle in the form of a / 50-mm
plate, onto which samples of the adsorbents would be
stuck, was used for the tests. A schematic of the rheometer
measuring head is shown in Fig. 2.
Each time after an adsorbent was stuck on the spindle,
the zero gap and the measuring gap would be set and the
moment of inertia of the modified spindle would be
determined. Then, changes in torque M of the modified
spindle would be measured as a function of its inclination
angle /, at a constant rotational speed of 0.3 rpm. The tests
would be conducted in air for 1 min, without grease. If the
moment of inertia of the spindle was within the allowable
interval of -0.05 to 0.05 lNm, the next testing stage
would begin. Figure 3 shows an exemplary result of the
calibration of the rheometer with the modified measuring
spindle (with a polyurethane sample stuck on) installed.
During the tests, the grease samples would be ther-
mostated at a constant temperature with an accuracy of
±0.01 C. Prior to each measurement, they would be kept
at a constant temperature in the rheometer head for 5 min
after the set temperature stabilized. Measurements would
be repeated five times.
The tests were conducted in two stages: (1) at an
increasing shear rate and (2) in dynamic oscillatory con-
ditions. In the first stage, the greases would be sheared
within a shear rate ( _c) range of 10-4–100 s-1 and a tem-
perature (T) range of -20 to 60 C. According to the lit-
erature on the subject [27], the adopted shear rate range
guaranteed that the rheological properties of the greases in
the boundary layer area would be measured. The depen-
dences between shear stress s and structural viscosity g of
the greases as a function of the rate of their shear were
determined. Dynamic oscillatory tests were carried out at
the temperature at which differences in the structural vis-
cosity of the boundary layer of the greases flowing close to
the tested adsorbents were largest. During the tests, the
greases would be sheared within their linear viscoelasticity
Table 1 Results of examining geometric structure of adsorbents
surface
Material Roughness (lm)
Ra Rz Rm Rt
EPDM 1.77 9.1 12.6 12.6
B476 1.41 10.0 12.7 14.4
C11000 1.36 9.9 13.9 15.6
PTFE 1.38 8.8 11.1 11.4
PU 0.93 5.6 6.7 6.7
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range (LVR). The dependences between storage modulus
G0, loss modulus G00 and damping coefficient tan d as a
function of oscillation frequency x, within a range of
10-1–102 rad/s and at a constant strain c of 0.1%, were
determined. In the next stage, plateau modulus GN
0 would
be determined. This parameter, described in detail in Fer-
ry’s work [28], was used to evaluate the degree of cross-
linking of the microstructure of the thickener within the
boundary layer area. The parameter was developed on the
basis of one of the theories concerning the dynamics of
entangled polymers—the de Gennes tube model (also
called the de Gennes reptation model) [29]. The modulus
would be determined using the MIN method proposed by
Wu [30, 31]:
G0N exp ¼ G0ðxÞtan d!min ð1Þ
3.2 Contact Angle and Free Surface Energy Tests
The surface free energy of the surface layer of the adsor-
bents was determined by measuring the static angle of
wetting them with probe liquids. For this purpose, a DSA-
HT12 goniometer equipped with a thermostatic chamber
with a temperature controller, a video camera and a com-
puter system for visualizing measurements and recording
drop dimensions was used. Prior to the investigations, the
metallic and plastic samples had been cleaned with,
respectively, extraction naphtha and distilled water. The
experiments were carried out in air at a constant (with the
acceptable accuracy of ±2 C [32]) temperature. Before
each wetting (contact) angle measurement, the samples
would be kept at a constant temperature in the thermostatic
chamber for 5 min after the set temperature stabilized.
Similarly as the dynamic oscillatory rheological tests,
measurements of the contact angle with the probe liquids
were taken at the temperature at which the influence of the
adsorbent wall material on the structural viscosity of the
greases in the boundary layer area was most evident and
the wall effects were most intensive. Five apolar and
bipolar standard liquids: pure water, diiodomethane, for-
mamide, ethylene glycol and glycerol, with known values
of surface free energy cL, polar component cL,p and dis-
persion component cL,d, were used as the probe substances.
The properties of the probe liquids are presented in
Table 3. The polar component is the sum of the compo-
nents which define the polar, hydrogen, induction and
Table 2 Composition and
properties of tested greases, acc.
to manufacturer’s data
GREASEN LT4-S2 HUTPLEX EP-2
Thickener Lithium 12-hydroxystearate Overbased calcium sulfonate
Oil base Mineral oil
Oil base viscosity at temp. 40 C (cSt) 85 420
Application temperature (C) Od -30 do 120 Od -30 do 180
Dropping point (C) 185 300
Worked penetration at 25 C (mm/10) 285 302
Consistency class, acc. to NLGI 2 1/2
Fig. 2 Schematic of rheometer measuring head. 1 Measuring spindle,
2 lubricating grease, 3 tested adsorbent, 4 Peltier element, 5
measuring plate, 6 counter cooling, 7 insulating flange
Fig. 3 Result of calibrating rheometer with modified measuring
spindle (with polyurethane plate stuck on) installed
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acid–base intermolecular interactions, except for dispersion
interactions. The latter are expressed by the dispersion
component.
Drops of the probe liquids would be placed on the
samples using the sessile drop technique. The contact
angles would be determined through a geometrical analysis
of the image of the drop after 5 s since its deposition on the
surface, after the thermodynamic equilibrium was reached.
This procedure would be repeated five times. It should be
noted that the surface layers of all the tested adsorbents had
been so prepared as to reduce to minimum plastic–air
diphase areas under the surface of the sessile drop and to
avoid a situation in which the drop could find itself in
different metastable states.
The surface free energy (cS) of the tested materials was
calculated on the basis of the contact angles (H) measured
by the probe liquids, using two dispersion and polar com-
ponent methods, i.e., the Owens–Wendt method [36] and
the Wu method [37]. In the former method, the surface
tension in the solid/probe liquid contact area has the fol-
lowing form:
cSL ¼ cS þ cL  2  ðcS;d  cL;dÞ0:5 þ 2  ðcS;p  cL;pÞ0:5; ð2Þ
where the subscripts p and d stand for, respectively, the
polar and dispersion component of the surface free energy
of the solid or the probe liquid. Wu proposed a different
form of Eq. (2). The difference consists in replacing the
last two terms (the geometric means) in Eq. (2) with har-
monic means:
cSL ¼ cS  cL 
4  cS;d  cL;d
cS;d þ cL;d
 4  cS;p  cL;p
cS;p þ cL;p
: ð3Þ
By simplifying Young equation [38], initially derived
from the condition of the equilibrium of the forces repre-
senting the surface tension in the point of contact between
the three phases: the solid, the liquid and the pair, to the
form:
cS ¼ cSL þ cL  cosH ð4Þ
and substituting it into Eqs. (2) and (3), one gets relations
for determining the surface free energy of the tested
adsorbents by means of the probe liquid shown in Table 3.
4 Results and Discussion
4.1 Rheological Properties of Boundary Layer
in Greases
The results of the rheological tests carried out at an
increasing shear rate indicate that wall effects occurred in
the greases at low shear rates ( _c), i.e., ranging from 10-5–
10-0 s-1. In the above shearing conditions, the structural
viscosity (g) curves had the shape of an inverted parabola.
The parabolas clearly differed from one another in the
location of their extrema. The maximum structural vis-
cosity value recorded in the whole boundary layer area was
determined by the grease used, the kind of adsorbent and
the temperature (Fig. 4).
It should be noted that the largest differences between
the tested greases were revealed at sub-zero temperatures.
In the case of grease LT4-S2, at a temperature of -20 C
no clear influence of the wall material on the formation of a
boundary layer was visible and the differences in the
recorded structural viscosity values were within the margin
of error. In the temperature range of 0–60 C, the two soap-
based greases flowing close the adsorbents would behave
similarly. The strongest effect of the wall material on the
structural changes in the boundary layer area of the tested
greases was observed at the temperature of 60 C. Figure 5
shows exemplary structural viscosity and shear stress
curves for grease LT4-S2, recorded in the vicinity of the
tested adsorbents at the temperature of 60 C. Because of
the close similarity, no curves for grease HUTPLEX EP-2
were included in the figure.
In the second stage of the rheological studies, dynamic
oscillatory tests were carried out on the greases flowing
close to the adsorbents. The tests would be conducted in
the linear viscoelasticity range (LVR) of the greases, at the
temperature of 60 C. The aim of the experiments was to
assess the ability of the greases to form a superficial layer
on the walls of the tested adsorbents by analyzing the
degree of cross-linking of the thickener in the boundary
layer area. For this purpose, modulus GN
0
exp, described in
more detail in Sect. 3.1, was determined. The lower the
value of the plateau modulus, the more the thickener
Table 3 Basic properties of probe liquids, with indicated source literature
Probe liquid SFE cL (mJ/m
2) Dispersion component cL,d (mJ/m
2) Polar component cL,p (mJ/m
2) References
Pure water 72.1 19.9 52.2 [33]
Diiodomethane 50.0 47.4 2.6 [34]
Formamide 56.9 23.5 33.4 [34]
Ethylene glycol 72.8 21.8 51.0 [35]
Glycerol 72.1 19.9 52.2 [33]
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ensembles in the grease migrate to the adsorbent surface,
forming a lubricating film, and the greater the slip of the
grease flowing close to the material wall. Figures 6, 7 and 8
show storage modulus G0, loss modulus G00 and damping
coefficient tan d as a function of oscillation frequency x for
grease LT4-S2 and grease HUTPLEX EP-2. Inflexion
points and the corresponding oscillation frequencies were
determined from the curves shown in Fig. 8. An iterative
algorithm based on the Gauss–Newton method was used
for this purpose. Then, for the same oscillation frequencies,
the values of the storage modulus were read off the curves
shown in Fig. 6, in accordance with relation (1). The
curves are supplemented with the loss modulus–oscillation
frequency curves shown in Fig. 7.
According to the results of the dynamic oscillatory tests,
the highest plateau modulus value was recorded close to
EPDM. The mean values of this parameter for the lithium
grease and the calcium grease amounted to, respectively,
34,294 and 24,816 Pa (Table 4). This means that from all
the tested adsorbents, the EPDM rubber reacted to the least
degree with the soap-based thickener. The lowest plateau
modulus values were recorded for the greases flowing close
Fig. 4 Highest structural viscosity g values for: a lithium grease and b calcium grease, recorded in vicinity of tested adsorbents at temperature of
-20 to 60 C
Fig. 5 a Structural viscosity g and b shear stress s in lithium grease, recorded in vicinity of tested adsorbents at temperature of 60 C
19 Page 6 of 11 Tribol Lett (2017) 65:19
123
to copper alloy C11000 and thermoplastic PTFE. In the
case of C11000, they amounted to 24,371 and 19,623 Pa
for, respectively, the lithium grease and the calcium grease.
When flowing close to copper alloy C11000, the greases
would form a distinct superficial layer.
4.2 Energy State of Surface Layer of Adsorbents
The energy state of the surface layer of the adsorbents was
investigated using a goniometer. The adsorbent thermo-
stating temperature during the measurements was kept at
Fig. 6 Storage modulus G0 of a lithium grease and b calcium grease versus oscillation frequency x, recorded in vicinity of tested adsorbents at
temperature of 60 C
Fig. 7 Loss modulus G00 of a lithium grease and b calcium grease versus oscillation frequency x, recorded in vicinity of tested adsorbents at
temperature of 60 C
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60 C since at this temperature, the influence (determined
using the rotational rheometer) of the adsorbent wall
material on the wall effects in the soap-based greases had
been most visible. Table 5 shows the tested samples’ sur-
face layer contact angles (H) measured using the probe
liquids. The results are presented as means with standard
deviations.
Table 6 shows the results of the adsorbent surface layer
energy state investigations, obtained on the basis of contact
angle H measurements (Table 5) by means of the Owens–
Wendt method and the Wu method. The investigations
showed that the differences between the surface free
energy (SFE) values determined by the two methods are
slight. For the tested adsorbents, the highest surface free
energy value was recorded for alloy C11000. The SFE
value in this case amounted to 38.0 and 39.8 mJ/m2 for the
Owens–Wendt method and the Wu method, respectively.
The values were slightly higher for the second of the tested
alloys—bronze B476. In the case of the plastics, poly-
urethane PU was characterized by the highest surface free
energy. The SFE values for this plastic amounted to,
respectively, 32.6 and 33.8 mJ/m2. From all the tested
materials, polytetrafluoroethylene PTFE showed the lowest
surface free energy. The SFE values in this case amounted
to 25.7 and 29.1 mJ/m2 and were higher than for C11000
by, respectively, 12.3 and 10.7 mJ/m2.
Fig. 8 Damping coefficient tan d of a lithium grease and b calcium grease versus oscillation frequency x, recorded in vicinity of tested
adsorbents at temperature of 60 C
Table 4 Results of measurements of plateau modulus GN
0
exp (in Pa)
of greases, recorded in vicinity of tested adsorbents
Material Lithium grease Calcium grease
Mean SD Mean SD
EPDM 34,294 2,447 24,816 1,145
B476 25,457 762 22,429 657
C11000 24,371 998 19,623 763
PTFE 22,283 336 16,636 275
PU 28,908 547 23,711 597
Table 5 Measured contact
angles H (in ) of adsorbents
surface layer at temperature of
60 C
Material Pure water Diiodomethane Formamide Ethylene glycol Glycerol
Mean SD Mean SD Mean SD Mean SD Mean SD
EPDM 106.3 3.8 45.5 2.0 82.9 4.9 79.8 5.5 102.2 2.3
B476 84.7 7.1 45.9 1.4 65.6 3.9 71.8 4.8 86.2 4.9
C11000 87.3 3.8 50.0 2.1 65.7 6.7 63.9 3.9 86.6 3.8
PTFE 94.6 4.2 78.1 2.8 82.0 4.3 77.6 5.0 77.3 4.8
PU 87.8 2.7 67.0 2.3 70.3 5.0 64.2 3.7 95.3 5.2
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5 Discussion
The influence of the type of adsorbent and that of the
temperature of -20 to 60 C on changes in the structural
viscosity in the boundary layer area of soap-based greases
thickened with, respectively, lithium 12-hydroxystearate
and overbased calcium sulfonate were assessed during the
rheological tests conducted at a variable shear rate. The
tests showed that the type of adsorbent had the greatest
influence on the wall effects at the temperature of 60 C,
whereas at -20 C, it had the smallest influence. This was
probably due to the increased mobility of the soap-based
thickener particles in the two greases as the viscosity of the
oil base decreased with increasing temperature. At 60 C,
the superficial layer of the greases would quickly form on
the metallic adsorbents, unlike in the case of the EPDM
rubber and the PU thermoplastic. At above-zero tempera-
tures, the lowest viscosity values were recorded for B476
and C11000 and the highest for EPDM and PU. At sub-
zero temperatures, the opposite tendency was observed.
The tests carried out at the temperature of 60 C, at which
the intensity of changes in the boundary layer area of the
greases was highest, indicate a strong correlation between
the plateau modulus averages determined through dynamic
oscillatory tests and the energy state of the surface layer of
the adsorbents. Figure 9 shows that the plateau modulus
value for the soap-based greases flowing in the vicinity of
the adsorbents decreases as the free surface energy of the
adsorbents, determined by means of the goniometer,
increases. The only exception is thermoplastic PTFE whose
surface layer is characterized by the lowest surface energy
among all the tested materials. This indicates that there
exists a certain minimum surface free energy of the
adsorbents at which total slip of the grease occurs at the
wall without any diffusion of soap-based thickener
ensembles onto the surface being lubricated. In such cases,
also a thickener-depleted layer, characterized by a low
degree of microstructure cross-linking and initiating the
Table 6 Results of investigations of adsorbent surface layer energy state at temperature of 60 C by Owens–Wendt and Wu methods















EPDM 31.9 31.9 0 33.4 32.0 1.4
B476 35.9 33.0 2.9 39.4 32.6 6.8
C11000 38.0 36.1 1.9 39.8 33.7 6.1
PTFE 25.7 21.8 3.9 29.1 21.3 7.7
PU 32.6 30.9 1.8 33.8 28.2 5.6
Fig. 9 Comparison of experimental plateau moduli GN
0
exp of greases and surface free energies cS of adsorbents at temperature of 60 C
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slip of the grease, forms. Figure 9 also indicates that grease
HUTPLEX EP-2 flowing in the vicinity of the tested
adsorbents showed a much lower plateau modulus value
than grease LT4-S2. Despite the fact that the oil base of
grease HUTPLEX EP-2 was characterized by higher
kinematic viscosity, its thickener particles, in the form of
calcium sulfonate ensembles, would easier diffuse onto the
wall surface, forming a superficial layer.
It should be emphasized that the test results obtained by
the authors are true for the conditions prevailing during the
experiment, i.e., the temperature ranging from -20 to
60 C, and for soap-based greases not subjected to pro-
longed intensive shearing. Thus, the test results can be
applied to, for example, centralized machine lubrication
systems to design lubrication conduits, distributors and
valves, which will reduce flow resistances and curb the
occurrence of dangerous inertial phenomena and lightly
loaded sliding systems in which soap-based greases are not
subjected to high shearing stresses. In the case of high-speed
and/or heavily loaded lubricated rolling bearings, the frag-
mentation of the soap-based thickener microstructure and
the high temperature can significantly affect the ability of
the greases to form a superficial layer and a boundary layer.
6 Conclusions
Several significant conclusions emerge from the authors’
rheological studies of the soap-based greases and the
energy state of the adsorbents:
1. Commercial greases: LT4-S2 and HUTPLEX EP-2,
thickened with, respectively, lithium 12-hydroxys-
tearate and overbased calcium sulfonate, showed the
ability to form thickener-depleted boundary layer in
the vicinity of all the tested adsorbents.
2. The soap-based thickener used in the grease, the kind
of adsorbent and temperature had an influence on the
wall effects. In the case of grease LT4-S2 at the
temperature of -20 C, no appreciable effect of the
material on the formation of a boundary layer was
observed.
3. The strongest influence of the tested adsorbents on the
wall effects in the two soap-based greases was
observed at the temperature of 60 C.
4. The rheological parameter: plateau modulus GN
0 , can
be used as an indicator of a grease’s ability to form a
superficial layer. As a result of the intensive diffusion
of thickener particles onto the adsorbent surface, the
cross-linking of the microstructure in the boundary
layer area and the plateau modulus decreases.
5. The surface free energy of the adsorbents, resulting
from the electron structure of their surface layer, can
induce such tribological and rheological phenomena as
the formation of a lubricating film and the slip of
grease in the vicinity of the wall.
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